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Rare earth elements (REE) Rare earth elements (REEs) include the 15 lanthanides from 

lanthanum (La) to lutetium (Lu) with atomic numbers of 57–71, 

accompanied by chemically similar yttrium (Y).

U.S. Department of Energy, 2011
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REEs use and resources 

https://elements.visualcapitalist.com
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NRCan REE facts, 2022

Canadian REE projects
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Canadian REE projects

Buckton - Polymettalic Deposit - Alberta Canada

https://www.dnimetals.com/projects-2

https://www.dnimetals.com/projects-2
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Canadian Phanerozoic black shales REE content 
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Canadian Phanerozoic black shales REE content 
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𝐶𝑜𝑢𝑡𝑙 =

(𝑁𝑑 + 𝐸𝑢 + 𝑇𝑏 + 𝐷𝑦 + 𝐸𝑟 + 𝑌)
𝛴𝑅𝐸𝑌

(𝐶𝑒 + 𝐻𝑜 + 𝑇𝑚 + 𝑌𝑏 + 𝐿𝑢)
𝛴𝑅𝐸𝑌

%𝑅𝐸𝑌 =
(𝑁𝑑 + 𝐸𝑢 + 𝑇𝑏 + 𝐷𝑦 + 𝐸𝑟 + 𝑌)

𝛴𝑅𝐸𝑌

Classification of shales - outlook for REY composition

Seredin & Dai (2012) International Journal of Coal Geology 94 67–93

U.S. Department of Energy, 2011

REY are divided into critical (Nd, Eu, Tb, Dy, Er, and Y), uncritical (La, Pr, Sm, and Gd) and excessive (Ce, Ho, Tm, Yb, and Lu) groups.
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REY content of phosphatic shales

UCC ΣREY = 168.4 ppm Early Jurassic Gordondale

Middle Triassic Doig
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Bai et al. (2011) J Fuel Chem Technol, 39 (7) 489-494

Davranche et al. (2011) Chemical Geology 284 127–137

Sequential extraction scheme used for speciation of metals

The sample was sequentially leached in three steps following the modified BCR (European Communities Bureau of Reference) 

extraction scheme used for operational speciation of metals.



14

Davranche et al. (2011) Chemical Geology 284 127–137

Sequential extraction scheme used for speciation of metals

The sample was sequentially leached in three steps following the modified BCR (European Communities Bureau of Reference) 

extraction scheme used for operational speciation of metals.

Bai et al. (2011) J Fuel Chem Technol, 39 (7) 489-494



15

REY speciation variations
F1 Water and acid soluble and exchangeable

F2 Sulfide phase

F3 Organic matter

F4 Silicates, crystalline phases, clays
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F1 Water and acid soluble and exchangeable

F2 Sulfide phase

F3 Organic matter

F4 Silicates, crystalline phases, clays

REY speciation variations
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Summary

• The mean ΣREY of the major Canadian organic-rich source rocks are close or greater than 

mean UCC ΣREY, however, the range if variation throughout the unit is large.

• The highest ΣREY are associated with phosphatic intervals.

• REYs are mostly associated with silicate and clay phases, organic matter and sulfidic 

minerals are the second dominant hosts for REYs in black shales.

• Variation of REY speciation throughout the black shale intervals would be the major 

challenge for economic recovery of element.

• The initial results of this study suggest black shales can be considered a viable alternative 

source for critical REYs. 
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